It is proposed to replace the Higgs boson of the standard model by a Lorentz-and gaugeinvariant combination of SU (2) 
A Higgs Boson Composed of Gauge Bosons
The standard model [1] has been highly successful in describing the phenomenology of particle physics. It has passed many high precision tests with flying colors.
But the intrinsic elegance of the electroweak gauge theory is blemished by the ad-hoc addition of the Higgs field. Rather than letting the gauge symmetry determine all the fundamental bosons, one has to justify the extra Higgs boson empirically. To make the situation worse, a term representing an imaginary mass is introduced into the Lagrangian of the Higgs field, together with a quartic term. Both are unheard of for Lagrangians of fundamental fields. These terms are inserted to obtain an attractive Higgs potential at small field amplitudes and a repulsive potential at large amplitudes. This combination is needed to generate a non-zero vacuum expectation value (VEV).
The discovery of a Higgs-like particle with a mass of about 126 GeV [2] does not alleviate these concerns about an ad-hoc Higgs scalar and its artificial potential. A potential escape from this dilemma is the notion of a composite Higgs boson, particularly one that is composed of known particles. In such models the gauge symmetry is broken dynamically by interactions between the constituents of the Higgs boson and in particular by the formation of a condensate similar to the Cooper pairs in superconductivity. A broad class of such models uses a condensate of fermion-antifermion pairs [3] , [4] . Since the strength of the interaction between the Higgs boson and fermions is proportional to the fermion mass in the standard model, the heavy top quark has been favored for dynamical symmetry breaking (top quark condensation [4] ). These pairing models are able to produce masses for the top quark and the Higgs boson. But the masses come out too large  even after adjusting the inherent high-energy cutoff parameter . The need for an energy parameter arises from a mismatch in dimensionality between the Higgs boson and a fermion pair. (Bosons have dimension (mass) 1 and fermions (mass) 3/2 , in units of ħ,c). Another cause for concern is the short lifetime of the top quark, which prevents the formation of bound states. This problem remains after including the bottom quark to have complete a SU(2) doublet [4] .
The model proposed here involves pairing, too, but instead of fermion pairs we consider pairs of gauge bosons. Furthermore, the result of pairing is not an individual indicate that their interaction is attractive when they form a Lorentz scalar and a singlet of the gauge symmetry (zero spin and isospin) [5] . A further connection between the gauge and Higgs fields is established by the equivalence theorem [6] which connects longitudinal SU(2) gauge bosons with the Goldstone components of the Higgs field. Here we connect transverse SU(2) gauge bosons with the observable Higgs particle. These heuristic considerations lead to a strategy for replacing the Higgs boson of the standard model by a composite of SU (2) 2) Define a composite Higgs boson from gauge bosons.
3) Establish a gauge boson potential from one-loop gauge interactions.
4) Obtain symmetry-breaking VEVs and masses by minimizing the potential.
5) Transfer these results from gauge bosons to the composite Higgs boson.
The Higgs field of the standard model can be written as a combination of a SU (2) singlet H 0 and a triplet of Goldstone modes (w 1 ,w 2 ,w 3 ), forming a complex doublet:
The subscript zero indicates fields with finite VEVs. The complex doublet can be written as 22 matrix  0 defined via the Pauli matrices  i and the 22 unit matrix 1. (All 22 matrices will be shown in bold.) The singlet H 0 acquires a finite VEV H 0 =v via the Brout-Englert-Higgs mechanism [7] , while the VEVs of the Goldstone modes vanish.
The VEV v is directly related to the experimental value of the four-fermion coupling constant G F . After subtracting the VEVs from  0 ,H 0 one obtains the observable fields , H. The standard Higgs potential combines a quadratic and a quartic term: 
is a Lorentz scalar and a SU(2) singlet that matches  †  up to a proportionality factor p:
The minus sign ensures that the terms on both sides of the proportionality are positive, taking into account the space-like character of gauge bosons (in the + metric). The
still lacks gauge-invariance, and proportionality constant p has yet to be determined. In the end it will turn out to be unity, as shown in the Appendix. The lack of gauge invariance can be remediated by using chiral electroweak Lagrangians [8] - [14] .
These form gauge-invariant building blocks which also incorporate mixing between the SU(2) and U (1) . One starts with a nonlinear representation of the Goldstones w i by casting them in the form of a SU(2) matrix U:
The SU(2)U(1) gauge bosons are then incorporated by defining the gauge-invariant derivative of the matrix U:
Thereby the four gauge bosons W  i ,B  have been converted into the 22 matrices W  ,B  .
The gauge-invariant derivative D  of the matrix U defines a four-vector V  which contains all four gauge bosons and their SU(2)U(1) couplings g,g:
In V  the SU (2) 
generates the Lagrangian for the tree-level mass of the gauge bosons:
Scalar products are abbreviated by parentheses from now on. The photon does not appear with the SU(2) gauge bosons, because it is massless. Likewise, one can multiply  †  on the left side of (3) with the same factor (½ v ) 2 to obtain the Lagrangian for a scalar mass ½v . In the unitary gauge the Goldstones vanish, and one obtains:
The scalar mass is assigned to the tree-level mass of the composite Higgs boson. The (8) and (9) proportional to each other:
one arrives at a simple, gauge-invariant relation: 
Dynamical Symmetry Breaking via Gauge Boson Self-Interactions
To test whether gauge bosons can trigger dynamical symmetry breaking, we construct a simple model potential. The gauge-invariant chiral Lagrangian (7) naturally leads to 2 nd and 4 th order terms analogous to those forming the Higgs potential (2): (17) is plotted versus the two gauge fields in 
In the last line the parameters , have been expressed in terms of the observables M H ,v .
The coefficients ½ (9) one can express all the coefficients of the potential by M H :
The conversion of the Higgs potential from H 0 to H is illustrated in Figure 3 (19) and (26) for the Higgs and gauge bosons potentials).
2) Sum the one-loop series for the strong Lagrangian fields W 0  ,Z 0 to infinity.
That has been accomplished for the quartic Higgs self-interaction [15] . It looks like a formidable task for the gauge bosons of the standard model, where the number of diagrams escalates rapidly with the number of external lines. But it might be feasible for pure SU (2) fields.
The following figures show irreducible diagrams for the observable gauge bosons of the standard model (in the unitary gauge). A complete set of diagrams for a general gauge would have to include reducible diagrams, crossed diagrams, Goldstone modes, gauge fixing terms, Fadeev-Popov ghosts, and counterterms for renormalization. 
The factor ½ with (Z 0 Z 0 ) has been included to ensure that  These variables are matched to the scalar products of gauge bosons occurring in the 
When assigning a VEV to a vector boson, one has to be careful to preserve the Lorentz invariance of the vacuum. Its role would be transferred to a Goldstone mode, whose VEV vanishes. As a result, the VEV of the gauge boson would be gauged away. Consequently, the VEV of a gauge boson must be associated with its two transverse components.
Choosing the momentum of a gauge boson as z-axis of a local reference frame, one can convert W 0  ,Z 0 into scalars, multiplied by one of the two transverse polarization vectors   T , n . These scalars are identified with the field amplitudes w 0 ,z 0 that were used already for plotting the potentials. In the Landau gauge one obtains: A test of this model requires calculations of the gauge boson self-interactions.
Those are shown in Fig. 4 for the standard model. The quadratic self-energy diagrams have been calculated in various places [16] , [17] . But renormalized results are difficult to find in explicit form. A plot of the renormalized transverse self-energies by Böhm et al. 1986 [16] shows that the gauge boson self-energies are negative, as required for an attractive potential that induces spontaneous symmetry-breaking. But the mass of the top quark was highly underestimated at that time, making the results only qualitative.
Another interesting finding in this work is a nearly quadratic increase of the gauge boson self-energies when going away from the mass shell towards higher energies. For further guidance one could consult long-standing efforts to generate the quadratic coefficient  2 of the standard Higgs potential from its quartic self-interaction [15] , [19] , [20] . Calculations carried out within the standard model via the renormalization group equations have found expressions for the Higgs self-energy  H of the form:
For energy scales  ranging from v all the way up to about 10
17
GeV the result is indeed negative [20] , as required for spontaneous symmetry breaking. The sign is dominated by the contribution from the mass m t of the top quark. It is interesting to notice that fermion loops also dominate the negative self-energies of the gauge bosons [16] , [17] . In that case the light fermions dominate.
Phenomenology
In the absence of calculations for the five coefficients of the gauge boson potential one can at least test whether they can be matched to five observables. Natural (17), (23) The degenerate case shown at the center of Figure 8 is easier to analyze, because the number of coefficients is reduced from five to three. The relations (24a-d) for the non-degenerate case are replaced by the following set:
The two independent constraints in (29c) can be used to eliminate  
Summary and Outlook
In summary, a new concept is proposed for electroweak symmetry breaking, Therefore the proposed mechanism of dynamical symmetry breaking is applicable to any non-abelian gauge theory, including grand unified theories and supersymmetry.
In order to test this model, five gauge boson self-interactions need to be worked out. These are the self-energies  
Appendix: Obtain Gauge Boson Self-Interactions from Observables
The gauge boson potential (22) (12) . That brings in the additional proportionality constant p. In the following we will carry out this approach, first for nondegenerate potentials and then for their degenerate limit.
The starting point for non-degenerate potentials is (26) 
¼)
Combining (A1),(A2) produces three relations involving only gauge boson observables:
The two remaining constraints are the definition (12) 
